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Abstract

In this presentation we characterize a class or dia-
grammatic representation systems that we call single-
feature indicator systems (SFIS). Our characteriza-
tion allows us to investigate a number of properties
that all SFIS will have, including several semantic
properties that have direct implications on the cog-
We show
that many familiar diagrammatic representation sys-

nitive functions of diagrammatic systems.

tems belong to the class of SFIS, and hence that our
results about SFIS apply to each of these systems.
Our approach of generally characterizing representa-
tion systems, and investigating them in the abstract,
allows us to short-circuit the task of investigating di-
agrammatic systems individually.

Keywords — Diagrammatic representation,

diagrammatic reasoning, syntax, semantics

1. FM&E

E Q1990 AR DR X % fili o 72 #E G PR 1
B9 2 WFZEhs, AN TAIRE., ABALLBEY: . #4, Ho
%@#\?%4V%&&®%ﬁfﬁh fibh,
Hedm - PR D 7ok 2128V 2 MR & E 1B
T2 ODHMAPEZONTE X,

NS DEBENBTFREDOTTIAL Z T AL N
TV =20 iE. KOBAMKEREZ EHT %
ET. Z2ORBED K ) GG EWBLH % AT L
TV 2HEICEMSO T2 2 LoREETHS
oo o 21, KIOH T #2261k, B
DT 287 5 L XL OERBILENAES
KBEsNBZN, THLEFHMB-HHTe R 2ICE
2 BMEEBEKORE %2 RHT 272012k, 21
ZREIRT %> v ROV ORLE L% HH 3 2 HaE A
EL Y VRILVORLED S DK Z M 3 2 Bk B
HIOBFIZOWT, FAebBED X HICHEL T
W0 EIEMEICREOT 20ELH %,

29 LKMo % < o FH & 2

emebuilus | -esewnzn
aO-[0IUSIN
aew-ololiN
aji0-BwNSEIRY
oew-oysnyeAlys 0j0Ay
yiey oluesg
eweAysebiH
obeay|

Misasagi
‘Yamashina
Higashino
Nakatsuji
Ono

Daigo

Ishida

X 1: B op, Ry v R oI D 37
OMDOHENROR O - JEEEERRIT B,

HLBICHREL T30 THY, ZOEKTO TH
W) ELThATHETIELAZVEE DN S
bk, LrL, HASHEDHE - BHEA
M Z0iEHED THE#, THH o, Z D%
RHEMBICIIHERSEFAEZET L LI, RWEHR
D REEE - BRI 0 gk 25 7o BRI X S 22 IS
DRETH 5, FEE. KIZBT 2 2R D X
IRcix, HASHEOERRICE L THEAICHY S
NTVLET V@R FEN, XRVRDZR, A A4
T—KDFE, BUZEKDFZLE VL 22DORDFR
WKHAIN, 2o boHmIcEB W TRL
FTHEREZOVTORAMPEDR—R L >TE
(e.g., Shin, 1994; Hammer, 1995; Howse et al., 2001;
Miller, 2007),

Lo L, ko, HllWaRO %% —
DO T B L) BRNGEHEPETHo
7Dz, HBEXD 7 7 AN MR D 32O EE
ELO R = RS E RN E@%.@7‘3ZF§®%
A i P - R e R E R & BRI ZEE-oTWw»
v, ¥, Fhe L T, _0)7'5‘?5&’6‘7’1/*‘—
TELMOR LUKV BICHEF-> TR, T

— 621 —



20140 00000000031000

50 |-
20 |
o D H O

Jan Mar Apr May Jun

HZ'%7?7®%0@¢@$@§§ﬁﬂm?%
HRIZB 2 UEVHOiIZ2ERT 5,

Cs

As Bs

M3: XvEofl, HoXKEIZL->TERI NS
FHEBROBYDOSLDOEFEN, HIET 2HE£E5D
e J e EL£RT B,

R L, e DHEFHL T3 RKORIFEKE
BT B D, Z DORGE - BEURBLHI O L 70 AH & DY
AR OREELRZLZ2ED I b+ ICARETH
570, fERDHEE - BWRAMO T, KoR
MR ZIACRHT 2 E LI HWIZH L T, 2
DARFOBEAZ R T hhol,

2. BE

NN L, AXRRY—TlF, 3 T -ZHER
ARy EVIMEEEAL, 2 ORIy M 2%
2, MEEF e — b K, BEN, 0% %
GO, EbLOTEKBENOREZRZITVWE I L%
AT, ~EHRTREF, MNEWKT 2 o
EDLOBIRWEMEICL D, HREZMEKT 2 B
DEFZOERWBIEZ RN T 5 L) Hflize@Eok
A 2 R T KD R E W I,

ez, brYHEOIKES 2R THES F 7
(K2) it T, BAOEBEI L) ERNE
HEMHAZTHWS, 2NSDOBICIE, Az HIIE
J2ZDOMEBIORENMIGLTED, BoE I
AT RS & v Bl OEIRNE®EL WG L Tw5, C
DEFRIZE. WL O DOPHEFEIRITHK D 2o
DELOEEE VI BERNBEIC K> THEED2E-
FHE2RRTLIRVEDOR (K3) £, w20D
Ry v RV oxt % §5 S8 oG & v 9 IR EE
I KXo TR M o E RS - JEHRS 2 2R T 2 8%
MEOR (K1) 2bHTIFE S,

RUHET7T 7 70% (K2) I8 2KEFERB O

P2- 44

F£1: 777 (K2) ORITE T 2 NEER O
& &GRS MR O S
ErR3 51 RSB
TR TJan; ® FE D 1THIZEWT 2 9ZWE
TFeby O Lo 2HICEB T 24 EWHE
TJun; ® ko 6HK£H5%&%H
ERW | GIP0KETH 3 WA ESB0ORLTH B
e

FEDI0KRETH 5 | BAiE2A10 LV TH S

X 120K HETH | HALAIAZ A 120 F LT H
%

)

#2: XNUK (M3) DFRICE T B KEEM O IG

£ AR BT 0 K
X! BRI

TE TAs, HOWNMET "Bsy | £EG As E A Bs &
MoRM<T ICss MoR | £E4CsOBES
< dH %
FAs) TONMT TBsy | G As & A Bs &
MoWHliT 'IOs; Most | £ECsOMER
& 2 I
As; O ™Bs M | £ As L A Bs k
DAMIIT TCsy MOl | E£ECsDRIEA
<& % HHI

| ERW | EORBRLDD ETh 5

e
BOHEL AL T W»

WG EGERWEEM O WIS 2R, —#&ic, Rn
TO2MMDOEE e L XA T 2HOERWENMp 235
ZoNEE e pEhk DT LR, el T
2B F nle) 23 p ITRIGT 2B IRNENE 7(p) 2 b
DIEERRT D, LEWBoT, e, 2D
FIZEBWT, TFeby @ L DHEDE X 2330/KHETH
%28, SHITE T 2 4% YE O HALAT#% 2330
FLTHB I E2RRT S,

M3DXRVKDRP, M1DOKBRKDRIZDOWT
b, Eok K ALUATZ IR ZEER % i
BT ENTEDL, R2ER3IC, ZNFNDFR
B B XEEM O RIG &ER T E R O RG %
AT, WTFNDRITEWTH, FEARM 2 20k 5
i Tep bl Eid, elInd 52E ne)
Dplc MR g 2EE(p) 22 L 2ERT 5
EwH B TRdbTE 5,

—BEBERBICEB VTR, LRl oEKRN L E
BREANCMZ, 2o o BWHANICEK S T
IR, & v 9 BfR (Shimojima 1999) 12 X > T,
—EDIRENERBERPRILT 5, 2 & 21X, B
77 7DFRTIE, ~ARK—ARKOBEoE I BEMN D

— 622 —



20140 00000000031000

£ 3 BEK (K1) ORIcE T 2 XEZM O NG
EGEIRWE M o s

3 oM ER S5

DES "Rokujizos ¥ ¥ & | /~HUEBR & A7 H B D KF
)& Mshiday ¥ v R
v D Rt

MRokujizoy ¥ ¥ A | NHuEER & BB o
)V & "Daigoy ¥ ¥ &

LD Rt

P K 5 it & K2R K )1
BR o %

MNishioji-Oike;
v F )V & "Uzumasa-
Tenjingawa) > ¥ iR

VD xf
RN | SRS D 5 HEEF LT3
J&

]I B A8 72 W EEEE L Tuiwn

HicB I itk 2 £nR§ 27200 Tldk, A
POBEREDPSENTRET 2BBIPRZED H
LTWwa ZLh, Wind 2 HEIICE T 2 it
TR %2 £7 L Tw 5 (Pinker 1990), X ¥ XD
RICEWVTIE, R2THRLAEE)I B, RVYMED
RAHBOBEYELOAMIC L>T, WIRT 54
HDR-JFEREZRRITERET TR, &8 2F
FAs; HO WM< TBsy Mo NMITH 38D X
I, KO RERFIROBBYE LA, Wi d % 4E
HDR-FRREZLRT D, 51T, BBRKORIC
BTk, Zo0Ry v R L2 R0 H gD,
ToDMoEEEEO R LR T LT TIEE
(BRI ENTY 2 220y v R Lo
DI v FNV DB, NGS5 2D DERD )L —
FECHFET 2RO ZRRL T3,
IDXH)IT, RLAGREBRRZ ~ZERFERR L
WIAMRTH—NICES 252 ¢8IC&koT, 21
SORBHAVBLEET 20 20— EME%
HERMICEHT 2 2 B TE S, BENITIE, K
DROEELRT v & LTHELSIEME
NCTERLEREDZR (e.g., Sloman, 1971; Lindsay,
1988; Barwise and Etchemendy, 1991), # & Y 8k
KR (e.g., Gelernter, 1959; Barwise and Etchemendy,
1995; Lemon and Pratt, 1997), ZEWREHZIE (e.g.,
Tufte, 1983; Pinker, 1990; Kinnear and Wood, 1987)
. EROWATIHRD —E DA G DR DS
T25D0TH27%dD, 06 DR —BEER
RICTEIN 8% ORIEBRICEDRIEH Y
TEPVB—RICRHTESL, I, O£
7o REEINTEMEDRENE (e.g., Berkeley,
1710; Barwise and Etchemendy, 1991; Stenning and
Oberlander, 1995) IZ 2 W T H FHKTH %,
COFERIB, T EBERERTHL I LN
oD FRDAE ST, FROWIEIC LT

P2- 44

—EHBRRATHLIEDPHHT IH5W LD
RIWCHEM T 22 D TE, ERDZBRWN 2 MGE -
BWOWMORAZ R L., KR ORBAMIFERE %2
I T s R EEZoNDE, ARAY —
T, TZ2BERR Mo hsDRT vy
NV BERN a2z W THS 12T 5,

=

[aT/Bﬁv%E . and Etchemendy, J. (1991). Visual informa-
tion and valid reasoning. In Visualization in Teaching
and Learning Mathematics, pages 9-24. Mathematical
Association of America, Washington, D.C.

[b] Barwise, J. and Etchemendy, J. (1995). Heterogeneous
logic. In Glasgow, J., Narayanan, N. H., and Chan-
rasekaran, B., editors, Diagrammatic Reasoning: Cog-
nitive and Computational Perspectives, pages 211-234.
The MIT Press and the AAAI Press, Cambridge, MA
and Menlo Park, CA.

[c] Berkeley, G. (1710). A Treatise Concerning Principles
of Human Knowledge. The Library of Liberal Arts. The
Bobbs-Merrill Company, Inc., Indianapolis.

[d] Gelernter, H. (1959). Realization of a geometry-
theorem proving machine. In Feigenbaum, E. A. and
Feldman, J., editors, Computers and Thought, pages
134-152. McGraw Hill, New York.

[e] Hammer, E. (1995). Logic and Visual Information.
CSLI Publications and the European Association for
Logic, Language and Information, Stanford, CA.

[f] Howse, J., Molina, F., Taylor, J., Kent, S., and Gil, J. Y.
(2001). Spider diagrams: A diagrammatic reasoning
system. Journal of Visual Languages and Computing,
12:299-324.

[g] Kinnear, P. R. and Wood, M. (1987). Memory for to-
pographic contour maps. British Journal of Psychology,
78:395-402.

[h] Lemon, O. and Pratt, I. (1997). Spatial logic and the
complexity of diagrammatic reasoning. Machine Graph-
ics and Vision, 6(1):89-108.

[i] Lindsay, R. K. (1988). Images and inference. In Glas-

gow, J. I., Narayanan, N. H., and Chandrasekaran, B.,

editors, Diagrammatic Reasoning: Cognitive and Com-

putational Perspectives, pages 111-135. The MIT Press
and the AAAI Press, Cambridge, MA and Menlo Park,

CA.

Miller, N. (2007). Euclid and his twentieth century ri-

vals: Diagrams in the logic of Fuclidean geometry. CSLI

Publications, Stanford CA.

[k] Pinker, S. (1990). A theory of graph comprehension. In
Aritificial Intelligence and the Future of Testing, pages
73-126. L. Erlbaum Associates, Hilsdale, NJ.

[] Shimojima, A. (1999). Derivative meaning in graphi-
cal representations. In Proceedings of the 1999 IEEE
Symposium on Visual Languages, pages 212-219. IEEE
Computer Society, Washington, D. C.

[m] Shin, S.-J. (1994). The logical status of diagrams. Cam-
bridge University Press, Cambridge, UK.

[n] Sloman, A. (1971). Interactions between philosophy
and artificial intelligence: the role of intuition and non-
logical reasoning in intelligence. Artificial Intelligence,
2(3-4):209-225.

[o] Stenning, K. and Oberlander, J. (1995). A cognitive
theory of graphical and linguistic reasoning: Logic and
implementation. Cognitive Science, 19(1):97-140.

[p] Tufte, E. R. (1983). The Visual Display of Quantitative
Information. Graphics Press, Cheshire, CN.

S

— 623 —



